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Abstract
Nickel has been selectively deposited on an alumina substrate without any pretreatment
from a flow of a nickel acetate solution using the focused beam of an excimer laser.
Nickel spots as well as nickel lines were drawn andsubsequently plated with an electroless
Ni—B coating. Excellent adhesion of the metallized layers was achieved, since with laser
irradiation, both etching and deposition took place simultaneously.
1. Introduction
Maskiess laser-induced deposition of metals on metaffic and non-metallic
substrates has recently become a field of growing interest [1]. Processes
using laser-induced metal deposition from the gas phase [2, 3], solid phase
[4—9] and liquid phase [10—161have been reported. Every technique has
advantages and disadvantages, depending on the application. Gas-phase
deposition is limited by the availabifity of volatile metal—organic or inorganic
materials, by unwanted side reactions which cause contamination of the metal
deposits and by the need for specialized chambers [4]. Metallization from
the solid or liquid phase is therefore suggested as a better alternative.
Deposition from the solid phase has been demonstrated with thin solid
films of metallo-organics or organometallic components [4—9].Copper lines
have been drawn from copper acetate [5] and formate [6, 7], palladium
from its acetate [8] and gold and platinum from its metallo-organic materials
containing ink or resinates [4, 9]. In some cases of laser-induced deposition
from thin solid films, the process is exothermic and leads to irregular line
profiles. To minimize this effect and to achieve high purity, the precursor
has to be tailored accordingly [9].
Deposition from the liquid phase has the advantage of being a simple
technique. The precious metals gold and platinum have been deposited by
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passing a laser beam through aqueous and methanolic solutions of HAuC14
and H2PtC16 respectively [10]. Commercial electroless and electroplating gold
solutions without use of external current have also been investigated for
metallization [11, 12]. Zahavi and coworkers [121 have successfully obtained
gold features on conducting (e.g. platinum), semiconducting (e.g. silicon,
GaAs and SiC) and polymeric (e.g. polyimide) materials. However, on non-
conducting substrates such as Si3N4 and fused Si02 no deposition could be
achieved because of a larger band gap energy than that of the laser photon
energy. The application of lasers in electroplating gold and nickel solutions
with the use of an external current has been reported as a method of high
speed selective maskiess deposition. [13—15]. Enhancement for gold was
found to be 100-fold whilst for nickel it was up to 600-fold with the use
of this technique on conducting and vacuum-metallized non-conducting sub-
strates [141.
Most of the studies in the literature deal with the deposition of metal
layers either on metallic substrates or on semiconducting surfaces. Little
work has been done on direct metaffization of non-conducting ceramic
substrates, excepting the work of Harish et at. [5], in which copper acetate
was decomposed on alumina ceramic from a thin film. Metallo-organics have
the advantage of decomposing at lower temperatures. There have been no
reports of metaUization of metallo-organics from a solution phase which
would be an interesting topic to investigate.
In this paper a simple method is described for selective deposition of
nickel on alumina ceramic from the liquid phase, i.e. an aqueous acetate
solution. The results of laser metallization from a continuous flow of aqueous
solution are presented. Metal features in the shape of nickel spots as well
as line patterns were formed using the optimum conditions of fluid flow and
laser power. Thin layers of deposited nickel thus formed were used as seed
for electroless coatings.
2. Experimental details
The experimental set-up consisted of a laser system with an X—Y motion
and an arrangement for the substrate including a sample holder along which
a continuous flow of electrolyte was pumped, as shown in Fig. 1. A xenon
chloride excimer laser (Lamda Physik, Model LPX 100) producing 25 ns.
pulses at 308 nm was used in the study. The laser beam was focused on
the substrate with a rectangular slit of size 18 mm X 5 mm and with two
lenses of focal lengths 500 and 2000. The substrate used was commercial
alumina of size 50 mmX5OmmXO.60 mm, with a purity of 99.5% and of
96.0%.
The ceramic was thoroughly cleaned ultrasonically in water before
laser metallization. A saturated solution of A. R. grade nickel acetate was
circulated over the surface of the substrate by means of a pump at a rate
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Fig. 1. Schematic diagram of experimental set-up.
of 1—1.5 ml s~. The substrates were irradiated at energies ranging from
10 to 110 mJ pulse’ and at a repetition varying from 10 to 100 Hz.
The deposited layer of nickel was cleaned thoroughly in distified water,
activated in a Puma C-12 activator (Puma Chemical Corporation, New York)
and then immersed in an electroless Ni—B bath. The electroless bath consisted
of nickel chloride, complexing agents and dimethylamine borane [16], and
was operated at pH 6.0 and at a temperature of 65 °Cfor 1 h.
The thickness of the deposited filmwas measured after laser metaffization
and also after electroless Ni—B coating using a surface proffler (DEKTAK
3030) with a stylus of radius 12.5 ,ttm. The structure of the deposits was
studied using an optical microscope and scanning electron microscope (SEM).
The presence of nickel in the metallizeci layer was investigated by energy-
dispersive analysis by X-ray (EDAX). The adhesion of the deposited film
after electroless plating was measured by the “tape peel off” method.
3. Results and discussion
3.1 Localized metaltization
In the preliminary studies, the alumina ceramics were irradiated for spot
metallization of nickel from a closed loop flow of aqueous nickel acetate
solution. The laser beam was focused at a constant energy and varying
repetition rates and vice versa. Better results were obtained with a lower
energy and a higher repetition rate. Visible metallic layers were formed at
energies of 40—60 mJ pulse1 and at frequencies of 80—100 Hz.
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Fig. 2. Surface proffle of (a) alumina ceramic surface, (b) laser-irradiated spot at 63 mJ pulse ~
and (c) laser-irradiated spot at 84 mJ pulse’.
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Fig. 3. EDAX analysis of (a) alumina ceramic surface and (b) metallized layer on alumina
ceramic.
The results of the examination with the SEM, EDAX and surface profiler
are presented in Figs. 2—4.
Figure 2 shows the surface profiles of a bare ceramic surface and the
laser-irradiated spots obtained at different energies. The stylus profiler,
scanning over a 4 mm length of the bare ceramic, revealed concavities in
the surface with an average roughness of about 0.39 ~m (Fig. 2(a)). Upon
laser irradiation at various power densities the etching of the ceramic surface
and deposition of metal over the etched surface seemed to occur simulta-
neously. This could be clearly seen from the typical profiler plots of laser-
irradiated spots obtained at energies of 63 and 84 mJ pulse’ (Figs. 2(b)
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Fig. 4. SEM picture of a nickel metal layer on alumina ceramic.
Fig. 5. Nickel line drawn on alumina ceramic by laser irradiation from a flow of nickel acetate
solution.
and 2(c) respectively) where irregular deposition of the metal layer
occurred.
The etching of the ceramic surface by means of the laser irradiation
was also studied using the stylus profiler on spots obtained separately with
a flow of water instead of an aqueous nickel acetate solution. With higher
power densities, i.e. 80—100 mJ pulse ~, deep etching of the ceramic surface
up to about 3 p~mwas observed; however, at energies of 40—60 mJ pulse1
etching was less than 0.3 ,um.
The presence of a metal layer on the irradiated spots obtained with a
flow of aqueous nickel acetate solution was identified by EDAX (Fig. 3) and
SEM (Fig. 4). The activated spots thus obtained were subsequently plated
in an electroless Ni—B bath, confirming the presence of nickel on the irradiated
spots. The adhesion of the deposited electroless Ni—B coating was measured
by a “tape peel off” test, and it was found that all the deposited films adhered
well.
3.2 Formation of line pattern
On the basis of the preliminary experiments the work was extended to
obtain a line pattern. Initial trial runs with a higher scan rate showed no
metal line, because of the ablation of the metal after deposition. However,
with lower scan rates of 200—300 ~m 5 and a laser power of 40—60 mJ
pulse~ at 100 Hz, good deposits with a width of about 0.5 mm were obtained
(Fig. 5).
The thickness of the line drawn (measured by the surface profiler) was
found to vary between 0.3 and 0.6 jim. Subsequently, the metallized layers
were plated to a thickness of about 3 ~tm in an electroless Ni—B bath. The
adhesion of these layers, measured by the “tape peel off” method, passed
the test showing good adhesion of the coatings. A surface profile and an
optical micrograph of the Ni—B coated layer are shown in Fig. 6 and Fig.
7 respectively.
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Fig. 6. Surface proffle of an electroless Ni—B coating on alumina ceramic after laser metallization.
Fig. 7. Optical micrograph of an elecLruless Ni—B coating (original magnification X 100).
4. Conclusions
Alumina ceramic was metaffized selectively with a nickel layer by laser
activation from a flow of aqueous nickel acetate solution. Spot metallization
as well as line patterns were obtained by laser irradiation at energies of
40—60 mJ pulsej and at a frequency of 100 Hz. During the laser treatment
etching of the ceramic surface and deposition of the metal layer occurred
simultaneously, leading to excellent adhesion of the deposited layer. With
the optimum power density of the laser, it is possible to control the etching
of the surface to a maximum of 0.2—0.3 ~tm.
The extent of deposition of the metal layers depended on the duratio~n
of irradiation. In the system under study, nickel layers of 0.3—0.6 j.tm were
achieved, which were successfully used as seed for electroless Ni—B plating.
Since no pretreatment of the ceramic surface is required, this process can
be suggested as a simple technique for metaffization.
138
Work is in progress aimed at producing very thin line patterns with a
faster scan rate. In addition, metallization with other metallo-organic com-
pounds from a flow of aqueous solution is also in progress. The results will
be presented soon.
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